
US006399955B1 

(12) Unlted States Patent (10) Patent N0.2 US 6,399,955 B1 
Fannon (45) Date of Patent: Jun. 4, 2002 

(54) SELECTIVE ELECTROMAGNETIC 4,552,789 A 11/1985 Winchell 
WAVELENGTH CONVERSION DEVICE 4,588,923 A 5/1986 Hoegler et ‘11 

4,598,194 A 7/1986 Halberstadt et al. 

(76) Inventor: Mark G. Fannon, 2497 King’s Cross, 2 $6"??? ‘11 
~ , , aco 1, r. 

Shelby Township, MI (US) 48316-1210 4,791,333 A 12/1988 Morris et a1‘ 

( * ) Notice: Subject‘ to any disclaimer, the term of this 2 patent is extended or adJusted under 35 4,839,559 A 6/1989 Ahlgren et aL 

U-S-C- 154(b) by 0 days~ 5,003,284 A 3/1991 Dieudonné 
5,157,758 A 10/1992 Halberstadt et al. 

(21) APPL No; 09/506,503 5,276,763 A 1/1994 Gobel et al. 
5,382,805 A 1/1995 Fannon et al. 

(22) Filed: Feb. 17, 2000 5,504,666 A * 4/1996 Carmichael ............... .. 362/294 
5,536,991 A * 7/1996 Parham et al. ............ .. 313/313 

Related US. Application Data 
(60) Provisional application No. 60/120,955, ?led on Feb. 19, OTHER PUBLICATIONS 

1999- “Radiant Process Heaters,” Section 7, pp. 7—1—7—34, 
(51) Int. c1.7 ........................... .. H01K 1/28; H01K 1/34 Tempco Electric Heater Corp» Visionary Solutions Catalog, 
(52) US. Cl. ............................. .. 250/504 R; 250/4931; Published Prior to Feb- 19> 1999 

250/424 * cited by examiner 
(58) Field of Search ...................... .. 250/504 R; 313/17, Primary Examiner—Constantine Hannaher 

313/18’ 20’ 21’ 22’ 24’ 25’ 28’ 113 Assistant Examiner—Albert Gagliardi 

(56) References Cited g7I4)CAtt0rney, Agent, or Firm—Harness, Dickey & Pierce, 

U.S. PATENT DOCUMENTS (57) ABSTRACT 

2,864,025 A 12/1958 Foote et al. 
2,910,605 A 10/1959 Hodge A method and apparatus for increasing the output of an 
3,157,775 A 11/1964 Harmon infrared emitter. High temperature concerns affecting the 
3,160,777 A 12/1964 Holcomb radiant energy transfer ef?ciency of the infrared emitter are 
3,211,938 A 10/1965 Holcomb addressed by varying the emitter tube design and varying the 
33167405 A 4/1967 Astheimer locations of both the re?ective and high emissivity materials 
3,449,546 A 6/1969 Dhoble located on the emitter constituent parts. A cooling ?uid may 
3,622,832 A 11/1971 Schlessel et al. be dth hth -n f b th d t HOW hi her 
3804691 A 4/1974 Trivedi passe .roug 66ml er mm. 0 en.s 9a g. 
4:101j424 A 7/1978 Schooley et a1‘ power density or to cool the emitter during its operation. 
4,159,411 A 6/1979 Ellersick Selectable Wavelength infrared emissions are achieved 
4,227,113 A 10/1980 Walsh through the design of the infrared emitter. 
4,271,363 A * 6/1981 Anderson et al. ..... .. 250/504 R 

4,346,323 A 8/1982 Hirschfeld 37 Claims, 17 Drawing Sheets 

10 

Z 40 2*’ 

100 

190 To 50 



U.S. Patent Jun. 4, 2002 Sheet 1 0f 17 US 6,399,955 B1 

1 



U.S. Patent Jun. 4, 2002 Sheet 2 0f 17 US 6,399,955 B1 

35% 



U.S. Patent Jun. 4, 2002 Sheet 3 0f 17 US 6,399,955 B1 

150 

mm 

140 

160 

170 

Elf/1L7. 

190 

200 

iiglL-i 



w 

Jun. 4, 2002 Sheet 4 0f 17 US 6,399,955 B1 

0 o {o a“ 1.: o Q Q o 

3:33: 
% 

U.S. Patent 

3%. 



U.S. Patent Jun. 4, 2002 Sheet 5 0f 17 US 6,399,955 B1 

_igure - 10 

190 

110 

figure - 11 



U.S. Patent Jun. 4, 2002 Sheet 6 0f 17 US 6,399,955 B1 

220 

Ill 

Fi _ gure - 12 



U.S. Patent Jun. 4, 2002 Sheet 7 0f 17 US 6,399,955 B1 



U.S. Patent Jun. 4, 2002 

igure - 14 

Sheet 8 0f 17 

110 

US 6,399,955 B1 

O 

4 I 

D U 0 O O O O O O 

30000000 
00000 

230 

220 

figure - 15 



U.S. Patent Jun. 4, 2002 Sheet 9 0f 17 US 6,399,955 B1 

.3 . 25M 

Owm 



U.S. Patent Jun. 4, 2002 Sheet 10 0f 17 US 6,399,955 B1 

3 
a . 2% 

2% 



U.S. Patent Jun. 4, 2002 Sheet 11 0f 17 US 6,399,955 B1 

figure - 18 

30 

240 

240 
110 



U.S. Patent Jun. 4, 2002 Sheet 12 0f 17 US 6,399,955 B1 

/ 

/ 

, 

\ 

QR. 

a 23m 

% 

$5.344 

E 

a. 



U.S. Patent Jun. 4, 2002 Sheet 13 0f 17 US 6,399,955 B1 

220 

I I "I" 

0 

1 II I 

1 

figure - 20 



U.S. Patent Jun. 4, 2002 

figure - 21a 

Sheet 14 0f 17 US 6,399,955 B1 

K 

figure - 21b 



U.S. Patent Jun. 4, 2002 Sheet 15 0f 17 US 6,399,955 B1 

gw 

a. 2% 

Dip: 

5: > < 

E 

E 

a . “5% 
l.\ H // 

5 Qax g“ E E. 



U.S. Patent Jun. 4, 2002 Sheet 16 0f 17 US 6,399,955 B1 

Ill 

?gure - 24 



U.S. Patent Jun. 4, 2002 Sheet 17 0f 17 US 6,399,955 B1 

“N. 2% 

R. 25%. 

a. 3% 

I 

41% 
RN 

0% 03 

§ MN . 25M 



US 6,399,955 B1 
1 

SELECTIVE ELECTROMAGNETIC 
WAVELENGTH CONVERSION DEVICE 

This application claims the bene?t of US. Provisional 
Application Serial No. 60/120,955 ?led Feb. 19, 1999. 

TECHNICAL FIELD 

The present invention relates to an infrared emitter and, 
and more particularly, a method and apparatus for increasing 
the output of an infrared emitter. 

BACKGROUND OF THE INVENTION 

Infrared emitters provide radiant heat in numerous appli 
cations. For instance, they are the preferred heat source for 
drying paints supplied to metal surfaces, including solvent 
based paints, Water based paints, and poWder paints. They 
also provide heat for environmental test chambers and many 
industrial processes. 

Atypical infrared emitter includes a slender tubular quartZ 
enclosure containing an elongated coiled ?lament that 
extends through the enclosure and connects to lead-in con 
ductors at opposite ends of the enclosure. Infrared radiation 
emanates from the ?lament in all directions in a spherical 
pattern, and thus the poWer of the radiant energy decreases 
in proportion to the square cube of the distance from the 
emitter. Only the energy Which is absorbed by the object is 
transferred to the object as heat energy, and of the energy 
Which strikes the object, a portion Will be re?ected, a portion 
Will be absorbed, and depending upon the object, a portion 
may be transmitted through the object. Only the radiant 
energy Which actually strikes the object and is absorbed 
provides heat Within the object. The remaining radiant 
energy is redirected or continues travelling through space, 
thereby reducing the overall energy transfer ef?ciency from 
the infrared emitter to the object to be heated. 

To improve the radiant energy transfer ef?ciency, the 
radiant energy leaving the emitter is generally focused in 
some manner toWards the object to be heated. In one 
approach the infrared emitters are employed Within an 
enclosed tubular sheath having re?ective Walls. The energy 
not directly passing from the infrared emitter to the object 
and absorbed by the object, continues to be re?ective off the 
surfaces of the chamber until it strikes the object, escaping 
from an opening in the chamber or dissipating through 
inef?ciencies and the re?ectors. 

In another application, Where the heating chamber must 
be kept free of articulate matter and cleanliness is essential, 
the heating chamber of the infrared emitter is constructed 
using ?at Walls. This reduces the amount of dust that can 
form on the external re?ectors of the infrared emitter. 

In yet another application, a gold re?ective coating has 
been placed on the outer surface of the infrared emitter 
forming an integral re?ector. This feature included With the 
aforementioned ?at Wall construction, provides an advan 
tage of improving the radiant energy transfer efficiency and 
at the same time improving the cleanliness and the heating 
chamber environment. HoWever, the gold re?ective coating 
places restrictions upon the infrared emitter design. A gold 
metal re?ector coating may simply vaporiZe off of the 
surface of the enclosure due to excessive emitter tempera 
ture caused by trapped energy Within the emitter system. 

In still yet another application, an external sheath of 
quartZ or other high transmissive material has been placed 
about the infrared emitter enclosure, With a re?ective metal 
coating applied to the outer sheath. US. Pat. No. 5,382,805 
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2 
addressed an infrared energy emitter Which included a 
longitudinally extending tubular enclosure infrared energy 
transmitting material enclosing a longitudinally extending 
?lament. A longitudinally extending outer tubular sheath of 
infrared energy transmitting material covered the tubular 
enclosure and Was provided With a re?ector. This alloWed 
the infrared emitter to run at high poWer densities While 
maintaining a relatively cool outer surface temperature. 
HoWever, higher poWer densities adversely affect the end 
seals and re?ective coatings. The aforementioned patent 
tried to overcome this high temperature concern by provid 
ing ?uid conductive ?lters at each end of the sheath to ?lter 
cooling ?uid paths through the emitter. HoWever, the ability 
to cool the infrared emitter by passing a cooling ?uid into the 
enclosure at one end does not ef?ciently reduce the high 
temperature concerns With the integrity of the emitter While 
attempting to improve the radiant energy transfer ef?ciency. 

It is therefore a principle object of the present invention 
to provide a method for increasing the output poWer of an 
infrared emitter Without sacri?cing the structural integrity of 
the emitter. The high temperature concerns associated With 
the higher poWer density of the emitted infrared energy are 
addressed by more ef?cient heat venting techniques. 

It is still another object of the present invention to provide 
a longitudinally extending hermetically sealed tubular 
enclosure of infrared energy transmitting material enclosing 
the ?lament having at least one inner tubular support device 
in a predetermined position including a plurality of apertures 
for ?uid ?oW therethrough. 

It is yet another object of the present invention to provide 
a heat sink Which is intimately associated With an electrical 
conductor extending from the ?lament out through the 
tubular enclosure Which encapsulates the emitting ?lament. 
The heat sink is used to assist in heat dissipation from the 
infrared emitter and the ?lament electrical supply conductor, 
typically a pin. 

It is still yet another object of the present invention to 
provide a longitudinally extending outer tubular sheath of 
infrared energy transmitting material having an inner and an 
outer surface With a plurality of ports strategically located at 
predetermined locations along the outer surface of the 
sheath. The sheath Will have tWo ends, each end Will have at 
least one passage for ?uid ?oW therethrough. A re?ector, 
comprising a re?ective coating on a surface of the sheath, 
Will extend partially circumferentially With the sheath form 
ing a central longitudinal section for the transmission and/or 
absorption of secondary electromagnetic Wave emission. 
A heat dissipator comprising a high or loW emissivity 

coating and is disposed over the re?ector forming an inti 
mate contact thereto. This also aids in adjusting the tem 
perature of the infrared emitter by strategically and con 
trolled radiant means. 

It is still another object of the present invention to provide 
that the ports be placed in the WindoW of the outer tubular 
enclosure to direct the exhausted ?uid toWard the Work in 
process. Alternatively, the ports can be placed so that the 
?uid Will be channeled aWay from the Work in process. The 
ports also provide pressure relief to accommodate ?uid ?oW 
into one or both ends of the emitter system. 

It is still another object of the present invention to provide 
high Watt densities from small outer tubular diameters While 
simultaneously cooling the integral re?ector material, the 
outer tubular enclosure, the re?ector, and the WindoW. The 
higher poWer output capabilities Will reduce the overall 
quantity of emitters required for many systems Without 
reducing the overall system output poWer While providing 
increased efficiency. 
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It is yet another object of the present invention to create 
different radiation emission patterns by varying the cross 
sectional tubular enclosure shape. These shapes may also be 
combined With other shapes to include a mixture of poly 
gons. 

It is yet another object of the present invention to provide 
an inner tubular support positioned in a predetermined 
location With respect to the sheath. In addition to its support 
function, the inner tube support may include passages to 
permit the ?oW of the cooling ?uid through the inner 
support. This may alloW ?uid ?oW passages con?gured to 
achieve a predetermined ?uid ?oW pattern. 

It is yet another object of the present invention to provide 
dual peak Wavelengths of infrared emission ef?ciently from 
one infrared emitter. This may be accomplished With or 
Without the use of a transducer housing. 

It is still yet another object of the present invention to 
provide selectable electromagnetic peak Wavelength emis 
sions. 

SUMMARY OF THE INVENTION 

The present invention relates to an apparatus and method 
for increasing the output poWer of an infrared emitter and 
addressing the concerns associated With the damaging and 
undesirable higher temperatures produced Within the elec 
tromagnetic emitter components. The apparatus and method 
of the present invention use unique re?ection and heat 
dissipation techniques to accomplish the aforementioned. 

In a preferred embodiment of the invention, the apparatus 
of the present invention includes a method for heating an 
object With infrared energy by passing a current through an 
elongated ?lament, and may be disposed Within an hermeti 
cally sealed cylindrical enclosure. Surrounding the enclo 
sure is an outer elongated tubular sheath of infrared energy 
transmitting material having an inner and an outer surface 
With a plurality of ports strategically located at predeter 
mined locations along the outer surface of the sheath. The 
sheath has tWo ends, and each end has at least one passage 
for ?uid ?oW therethrough. There is a re?ective coating on 
an inner surface of the sheath extending partially, circum 
ferentially With the sheath to form a central longitudinal 
section referred to as a WindoW. A coating of predetermined 
emissivity is disposed on the outside of the sheath and is 
generally congruent to the re?ective coating that resides on 
the inner surface. The central longitudinal section of the 
sheath is spaced apart from the enclosure about the entire 
circumference of the enclosure suf?ciently to protect the 
re?ective coating from the infrared energy that is emitted by 
the ?lament. Infrared radiation from the ?lament is re?ected 
off of the re?ective coating on the sheath, back toWard the 
?lament, thus passing infrared radiation toWards an object 
from the ?lament through the WindoW. Acooling ?uid passes 
through the space betWeen the sheath and the enclosure to 
cool the enclosure, sheath, the re?ective coating and con 
trolled emissivity coating. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various advantage of the present invention Will 
become apparent to one skilled in the art by reading the 
folloWing speci?cation and subjoined claims and by refer 
encing the folloWing draWings in Which: 

FIG. 1 is a side vieW of the infrared emitter arranged in 
accordance With the principles of the present invention and 
having ?uid purging and eXhaust ports. 

FIG. 2 is a cross-sectional vieW taken along the line A—A 
of FIG. 1. 
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4 
FIG. 3 is an end vieW of the infrared emitter of FIG. 1. 

FIG. 4 is an end vieW of the opposite end of the infrared 
emitter of FIG. 1. 

FIG. 5 is a cross-sectional vieW of the infrared emitter 
taking along the line 5—5 of FIG. 4. 

FIG. 6 is an end vieW of an inner tube support device for 
supporting the inner tube of the infrared emitter. 

FIG. 7 is an end vieW of a second inner tube support 
device for supporting the inner tube of the infrared emitter. 

FIG. 8 is an end vieW of the inner tube support device for 
supporting the inner tube and for creating a helical ?uid ?oW 
Within the outer tube. 

FIG. 9 is a side vieW of the infrared emitter having an 
inner tube support device and heat sink ?ns for cooling the 
electrical conductor of the infrared emitter and a Wave 
converter housing. 

FIG. 10 is an end vieW of the heat dissipator shoWn in 
FIG. 9. 

FIG. 11 is a cross-sectional vieW of an infrared emitter 
radiant heat dissipator having gold on the outside of the 
outer tube and a controlled emissivity material on the outer 
surface of the gold deposition. 

FIG. 12 is a radiant heat dissipator for an infrared emitter 
having gold formed on the inside of the outer tube and a 
controlled emissivity material on the outside of the outer 
tube. 

FIG. 13 is an optional con?guration shoWing patterns of 
controlled emissivity material formed over the gold to 
regulate a percentage of radiant energy dissipated by the 
material. 

FIG. 14 is an optional con?guration shoWing a series of 
lines of controlled emissivity material formed over the 
WindoW to provide absorption and re-radiation of a different 
peak infrared emission, possibly combined With the original 
peak emission, thereby providing a multiple peak emissions 
or a single longer converted peak IR emission. 

FIG. 15 is an optional con?guration shoWing a series of 
dots of controlled emissivity material formed over the 
WindoW to provide absorption and re-radiation of a different 
peak infrared emission, possibly combined With the original 
peak emission, thereby providing a multiple peak emissions 
or a single longer converted peak IR emission. 

FIG. 16 is a perspective vieW of an infrared emitter having 
a selective electromagnetic peak Wavelength conversion 
device. 

FIG. 17 is a cross-sectional vieW of the infrared emitter of 
FIG. 16 shoWing the Wavelength conversion device arranged 
so that no Wavelength conversion occurs. 

FIG. 18 is a cross-sectional vieW of the infrared emitter of 
FIG. 16 shoWing the Wavelength conversion device arranged 
so that a ?rst Wavelength conversion occurs. 

FIG. 19 is a cross-sectional vieW of the infrared emitter of 
FIG. 16 shoWing the Wavelength conversion device arranged 
so that a second Wavelength conversion occurs. 

FIG. 20 depicts a single tube infrared emitter having an 
integral re?ector. 

FIG. 21A depicts an end vieW of a ?lament support. 
FIG. 21B depicts a side vieW of a ?lament and ?lament 

support device. 
FIG. 22 is a three tube infrared emitter including an 

eXhaust tube for controlled venting of purge ?uid. 
FIG. 23 is a cross-sectional vieW of the three tube infrared 

emitter of FIG. 22. 














